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ACTIVE VEHICLE HEIGHT CONTROL
METHOD

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2019-0072759 filed on Jun. 19, 2019,

the entire contents of which 1s incorporated herein for all
purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a technology of actively
controlling the height of a vehicle body from the ground.

Description of Related Art
An Electronic Controlled Suspension (ECS) of the related
art 1s a semi-active damper system which 1s used to achieve
both of nding comiort and handling for a vehicle.

Recently, an active damper system that can actively apply
force between a vehicle body and wheels have been pro-
vided and this system can control the posture and height of
a vehicle.

The information included in this Background of the
present invention section 1s only for enhancement of under-
standing of the general background of the present invention
and may not be taken as an acknowledgement or any form
of suggestion that this information forms the prior art
already known to a person skilled in the art.

BRIEF SUMMARY

Various aspects of the present imnvention are directed to
providing an active vehicle height control method that can
improve riding comiort of a vehicle and secure a more stable
vehicle posture by appropriately controlling the height of a
vehicle body by driving an active actuator of the vehicle
against a speed bump or an uneven road ahead.

In view of an aspect of the present imnvention, an active
vehicle height control method includes: securing a road
surface profile for unevenness of a road ahead of a vehicle;
forming a target vehicle height profile by filtering the road
surface profile; forming, by a controller, a disturbance
profile using the road surface profile and the target vehicle
height profile; estimating, by the controller, vehicle behavior
tor the disturbance profile; determiming, by the controller, an
inverse-phase control force that mimmizes the estimated
vehicle behavior; and driving, by the controller, an actuator
using the inverse-phase control force.

In the forming of a target vehicle height profile, the target
vehicle height profile may be formed by applying a forward-
backward filter configured 1 a sequence of a primary
low-pass filter and a primary delay, a flip, and a secondary
delay and a second low-pass filter.

The forward-backward filter may be implemented by
adjusting a cut-ofl frequency, a filter order, and a delay value
to follow an optimization vehicle height profile determined
by using a vehicle model and the road surface profile.

In the forming of a disturbance profile, the disturbance
profile may be formed by subtracting the target vehicle
height profile from the road surface profile.

In view of another aspect of the present mmvention, an
active vehicle height control device includes: a vision sensor
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that generates a road surface profile of a road surface ahead
of a vehicle; a forward-backward filter that forms a target

vehicle height profile by filtering the road surface profile
output from the vision sensor; an actuator that can adjust a
height of the vehicle; and a controller that forms a distur-
bance profile using the road surface profile and the target
vehicle height profile, estimates vehicle behavior for the
disturbance profile, determines an inverse-phase control
force that minimizes the estimated vehicle behavior, and
drives the actuator by using the inverse-phase control force.

The forward-backward filter may be configured in the
sequence of a primary low-pass filter and a primary delay, a
flip, and a secondary delay and a second low-pass filter.

The controller may be configured to form the disturbance
profile by subtracting the target vehicle height profile from
the road surface profile.

According to an exemplary embodiment of the present
invention, 1t 1s possible improve riding comifort of a vehicle
and secure a more stable vehicle posture by appropnately
controlling the height of a vehicle body by driving an active
actuator of the vehicle against a speed bump or an uneven
road ahead, consequently improving the commercial value
of the vehicle.

The methods and apparatuses of the present imvention
have other features and advantages which will be apparent
from or are set forth 1n more detail 1n the accompanying
drawings, which are incorporated herein, and the following
Detailed Description, which together serve to explain certain
principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart showing an exemplary embodiment
of an active vehicle height control method according to an
exemplary embodiment of the present invention;

FIG. 2 1s a diagram showing the configuration of an active
vehicle height control method according to an exemplary
embodiment of the present invention;

FIG. 3 1s a diagram showing an example of applying the
present invention to an ECS system:;

FIG. 4 1s a graph comparing filtering results while chang-
ing a cut-ofl frequency of a forward-backward filter of the
present invention to a road surface profile;

FIG. 5 1s a graph comparing filtering results while chang-
ing a filter order of the forward-backward filter of the present
invention to a road surface profile;

FIG. 6 1s a graph comparing an optimal vehicle height
profile determined by an optimization technique for the road
surface profile of a first-class unevenness and a target
vehicle height profile filtered by the forward-backward filter;

FIG. 7 1s a graph comparing an optimal vehicle height
profile determined by an optimization technique for the road
surface profile of a second-class unevenness and a target
vehicle height profile filtered by the forward-backward filter;

FIG. 8 1s a graph comparing an optimal vehicle height
profile determined by an optimization technique for the road
surface profile of a third-class unevenness and a target
vehicle height profile filtered by the forward-backward filter;

FIG. 9 1s a graph showing a road surface profile, and a
target vehicle height profile and a disturbance profile for the
road surface profile; and

FIG. 10 1s a block diagram showing a process of mini-
mizing vehicle behavior by controlling the vehicle using a
road surface profile and a target vehicle height profile when
the vehicle 1s driven over an uneven surface.

It may be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified rep-
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resentation of various features illustrative of the basic prin-
ciples of the present invention. The specific design features

of the present imnvention as included herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined 1n part by the particularly
intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent portions of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made 1n detail to various embodi-
ments of the present invention(s), examples of which are
illustrated 1n the accompanying drawings and described
below. While the present invention(s) will be described 1n
conjunction with exemplary embodiments of the present
invention, 1t will be understood that the present description
1s not mtended to limit the present mvention(s) to those
exemplary embodiments. On the other hand, the present
invention(s) 1s/are mtended to cover not only the exemplary
embodiments of the present invention, but also various
alternatives, modifications, equivalents and other embodi-
ments, which may be included within the spirit and scope of
the present invention as defined by the appended claims.

Referring to FIG. 1, an exemplary embodiment of an
active vehicle height control method of the present invention
includes: securing a road surface profile for unevenness of a
road ahead of a vehicle (S10); forming a target vehicle
height profile by filtering the road surface profile (S20);
forming, by a controller, a disturbance profile using the road
surface profile and the target vehicle height profile (S30);
estimating, by the controller, vehicle behavior for the dis-
turbance profile (S40); determining, by the controller, an
inverse-phase control force that mimmizes the estimated
vehicle behavior (550); and driving, by the controller, an
actuator using the inverse-phase control force (S60).

That 1s, the present invention has been designed to be
configured to mmprove riding comifort and secure a more
stable vehicle posture by minimizing vehicle behavior by
photographing unevenness of a road surface ahead of a
vehicle 1n advance using a vision sensor etc., generating a
road surface profile of the unevenness, rapidly converting
the road surface profile into a target vehicle height profile
through filter, and controlling the vehicle using the road
surface profile and the target vehicle height profile.

FI1G. 2 1s a diagram showing the configuration of an active
vehicle height control device that implements the active
vehicle height control method described above. The active
vehicle height control device may 1nclude: a vision sensor 1
that generates a road surface profile of a road surface ahead
of a vehicle; a forward-backward filter 3 that forms a target
vehicle height profile by filtering the road surface profile
output from the vision sensor 1; an actuator S that can adjust
the height of the vehicle; and a controller 7 that forms a
disturbance profile using the road surface profile and the
target vehicle height profile, estimates vehicle behavior for
the disturbance profile, determines an 1nverse-phase control
force that minimizes the estimated vehicle behavior, and
drives the actuator by using the imverse-phase control force.

The vision sensor 1 includes a camera, a preview sensor,
etc., and conventional device that have a function of pho-
tographing a road surface ahead and generating a profile of
unevenness of the road surface on the basis of the taken
1mages.

The actuator 5, for example, may include four actuators
that can actively control vertical force between a vehicle
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body and four wheels of a vehicle, or may be the active
actuator of an ECS system having an active actuator.

FIG. 3 1s a diagram conceptually illustrating an example
of controlling an active actuator by summing upwards a
vehicle height control amount as an exemplary embodiment
ol the present invention and a control amount generated by
an ECS logic by applying the present invention to an ECS
system having an active actuator.

The target vehicle height profile, which 1s a profile 1n
which a vehicle height changes with as time passes, 1s
rapidly obtained through filtering, as described above, to be
configured to improve riding comifort and secure a more
stable vehicle posture by minimizing vehicle behavior when
the vehicle 1s driven over an uneven surface.

The forward-backward filter that generates the target
vehicle height profile by filtering the road surface profile, as
shown 1n FIG. 3, 1s configured 1n the sequence of a primary
low-pass filter 31 and a primary delay 32, a flip 33, and a
secondary delay 34 and a second low-pass filter 35.

The forward-backward filter 1s implemented by adjusting
a cut-ofl frequency, a filter order, and a delay value to follow
an optimization vehicle height profile determined by using a
vehicle model and the road surface profile.

The optimal vehicle height profile, which 1s a profile
obtained through an optimization process by inputting a
vehicle model, an optimal vehicle height profile, and a cost
are configured together to a computer, 1s an i1deal file 1n
which a vehicle height may be changed as time passes to be
configured to improve riding comifort and secure a more
stable vehicle posture by minimizing vehicle behavior when
the vehicle 1s driven over a corresponding uneven surface.

Although 1t may be 1deal control to control a vehicle using
the optimal vehicle height profile rather than the target
vehicle height profile, the work that generates the optimal
vehicle height profile 1s achieved by performing optimiza-
tion work for several hours through a computer, so 1t 1s
actually impossible to apply the optimal vehicle height
profile to a vehicle.

Accordingly, the present invention controls a vehicle
using the target vehicle height profile which may be 1nstan-
taneously obtained through filtering, although 1t 1s 1nsuili-
cient 1n comparison to the optimal vehicle height profile.

Accordingly, designing a forward-backward filter that
performs filtering 1s important and the present filter 1s
designed through several trial and error, as exemplified 1n
FIG. 4 and FIG. 5, using the principle that the shape of a
filtering result profile 1s changed by changing the cut-off
frequency and the filter order of a filter.

For reference, Original Profile means a road surface
profile and 1t 1s possible to adjust a maximum value of a

profile by adjusting a delay value 1n the forward-backward
filter.

For reference, the following i1s an example of a forward-
backward filter designed by the method described above.

3.6797¢7 19 +47° + 62 +4z+ 1) 0.004988
2 —3.0672% + 5.00222 —3.002z + 0.0676 . z—10.905

H(z) =K

where,

H: filter function name

Z. Z-operator

K: tuning proportional constant
In the present equation, the term



US 11,312,199 B2

S

. 3.6797e (7" + 47 + 677 + 47+ 1)
74 —3.96773 +5.902z2 — 3.902z + 0.0676

1s a low-pass filter term of which the order 1s 4 and the
cut-oil frequency 1s 2 Hz, and the term

0.004988
z —0.995

shows implementing a delay of 200 ms.

Substantially, the filter of the equation corresponds to the
primary low-pass filter 31 and primary delay 32, and the
secondary delay 34 and secondary low-pass filter 35 may be
configured 1n the same way.

That 1s, a road surface profile 1s processed through the
filter of the equation, the phase 1s inversed for flipping, and
then the road surface profile 1s processed again through the
filter of the equation, generating the target vehicle height
profile.

FIG. 6 1s a graph comparing an optimal vehicle height
profile determined by an optimization techmque for the road
surface profile of a first-class unevenness and a target
vehicle height profile filtered by the forward-backward filter,
in which 1t may be seen that a target vehicle height profile
1s fTormed very similarly to an optimal vehicle height profile.

The first-class unevenness means a speed bump with a
width of 2.0 m and a maximum height of 0.075 m, a
second-class unevenness means a speed bump with a width
3.6 m and a maximum height of 0.1 m, and a third-class
unevenness means a speed bump with a width of 6.1 m and
a maximum height of 0.125 m.

FIG. 7 and FIG. 8 are graphs respectively comparing
second-class unevenness and third-class unevenness, as i1n
FIG. 6, in which it may be seen that target vehicle height
profiles are formed similarly to optimal vehicle height
profiles.

For reference, Original Profile means a road surface
profile, Optimal Profile means an optimal vehicle height
profile, and Filtered means a target vehicle height profile.

In the forming of a disturbance profile, the disturbance
profile 1s formed by subtracting the target vehicle height
profile from the road surface profile.

FIG. 9 1s a graph that shows forming the disturbance
profile, 1n which Original Profile means a road surface
profile, Filtered means a target vehicle height profile, and
Original-Filtered means a disturbance profile.

The vehicle height of a vehicle body may move in
accordance with the target vehicle height profile, so when
the vehicle 1s driven over a corresponding uneven surface,
behavior of the vehicle 1s minimized, whereby riding com-
fort may be improved and a more stable vehicle posture may
be secured.

However, 1n an exemplary embodiment of the present
invention, rather than target vehicle height profile, the target
vehicle height profile using an actuator, as described above,
vehicle behavior according to the disturbance profile 1s
estimated, an inverse-phase control force that minimizes the
estimated vehicle behavior 1s determined, and an actuator 1s
driven by the inverse-phase control force.

Considering the disturbance profile, 1t 1s possible to
assume that a vehicle 1s not moved and a road surface moves
in the shape of unevenness according to the disturbance
profile under the vehicle on the basis of relative conception.
Accordingly, the above-mentioned configuration is based on
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concept that a vehicle would be able to be driven over a
corresponding uneven surface in the most stable posture by
considering the disturbance profile as a disturbance which 1s
input to the vehicle and performing control such that vehicle
behavior may be minimized.

When estimating vehicle behavior according to the dis-

turbance profile, the controller 1s made control behavior of
the vehicle using a simplified vehicle model having a total
of seven degrees of freedom including roll, pitch, bounce,
and four wheels.
Technologies well known 1n the art are used for the
technology of estimating vehicle behavior when a distur-
bance acts 1n the vehicle model and a technology of deter-
mining an inverse-phase control force for minimizing the
behavior are used.

The controller drives the actuator using the inverse-phase
control force consequently determined as described above,
so that the vehicle 1s driven over a corresponding uneven
surface, and accordingly, an effect of great improvement of
riding comiort of the vehicle may be achieved.

For convenience in explanation and accurate definition 1n

the appended claims, the terms “upper”, “lower”, “inner”,

“outer”, “up”, “down”, “upwards”, “downwards”, “front”,
“rear”, “back”, “mnside”, “outside”, “mwardly”, “out-
wardly”, “imternal”, “external”, “mner”, “outer”, *“for-

wards”, and “backwards’ are used to describe features of the
exemplary embodiments with reference to the positions of
such features as displayed in the figures. It will be turther
understood that the term “connect” or 1ts derivatives refer
both to direct and indirect connection.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for
purposes of 1illustration and description. They are not
intended to be exhaustive or to limit the present invention to
the precise forms disclosed, and obviously many modifica-
tions and variations are possible 1 light of the above
teachings. The exemplary embodiments were chosen and
described to explain certain principles of the present inven-
tion and their practical application, to enable others skilled
in the art to make and utilize various exemplary embodi-
ments of the present invention, as well as various alterna-
tives and modifications thereof. It 1s intended that the scope
of the present invention be defined by the Claims appended
hereto and their equivalents.

What 1s claimed 1s:

1. A vehicle height control method comprising:

securing, by a sensor, a road surface profile for uneven-

ness of a road ahead of a vehicle;

forming a target vehicle height profile by filtering the road

surface profile;

forming, by a controller, a disturbance profile using the

road surface profile and the target vehicle height pro-
file;

estimating, by the controller, vehicle behavior for the

disturbance profile;

determinming, by the controller, an 1inverse-phase control

force that minimizes the estimated vehicle behavior;
and

driving, by the controller, an actuator using the inverse-

phase control force to adjust a height of the vehicle.

2. The vehicle height control method of claim 1,

wherein, in the forming of the target vehicle height

profile, the target vehicle height profile 1s formed by
applying a forward-backward filter configured in a
sequence of a primary low-pass filter and a primary
delay, a flip, and a secondary delay and a second
low-pass filter.
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3. The vehicle height control method of claim 2,

wherein the forward-backward filter 1s implemented by
adjusting a cut-ofl frequency, a filter order, and a delay
value to follow an optimization vehicle height profile
determined by using a vehicle model and the road
surface profile.

4. The vehicle height control method of claim 1,

wherein, 1n the forming of the disturbance profile, the
disturbance profile 1s formed by subtracting the target
vehicle height profile from the road surface profile.

5. A vehicle height control device, comprising:

a vision sensor that generates a road surface profile of a
road surface ahead of a vehicle;

a forward-backward filter that forms a target vehicle

height profile by filtering the road surface profile output

from the vision sensor;

an actuator that 1s mounted 1n the vehicle and configured

to adjust a height of the vehicle; and

10
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a controller that forms a disturbance profile using the road
surface profile and the target vehicle height profile,
estimates vehicle behavior for the disturbance profile,
determines an 1nverse-phase control force that mini-
mizes the estimated vehicle behavior, and drives the
actuator by using the inverse-phase control force.

6. The vehicle height control device of claim 5,

wherein the forward-backward filter 1s configured 1n a
sequence of a primary low-pass {filter and a primary
delay, a flip, and a secondary delay and a second
low-pass filter.

7. The vehicle height control device of claim 6,

wherein the controller 1s configured to form the distur-
bance profile by subtracting the target vehicle height
profile from the road surface profile.
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